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synopsis 


ST8AOT10ATI0N IN OXIDATION PONDS 
Shy am Digaabar Bold! 

‘''This Research Report describes the experimental 
investigations conducted to find out whether eon* sort 
of stratification exists In the oxidation ponds,-' 

■-."A nodal of the oxidation pond was node out ' of 
18 gangs glased iron sheets. The depth of the pend and 
the rate of BOD feed were the two control variables, 

Banal chemical and biological parameters were determined 
when the pond reached a steady state under the given 
depth and rate of BOD feed*^The two depths were 21 in, ! 
and 14 In,, and the two rates of BOD feed were 80 lbs 
and 100 Ibs/aere/day, The strength of feed sewage, 
which was the effluent from a sip tic tank for donsstls 
waste in IIT Campus, was kept constant at BOD of 800 mg A. 
The chemical and biological parameters were measured all 
through the depth of the pond by withdrawing sample* j 
sampling points which were 8*8 in* centre to centre all 

; ' f 

along the depth starting from the pend level* The eigae 1 
concentration was ^mSe^jphitomstrieally at a predetermined 



wavelength at which the absorbance dlf fereaee batman ■ \$ 

sewage and pond water with algae was maximum. 

' ,/■> .■.'■■ ' i 

\ The steady state variation of alkalinity * organic*!? 
mud 5-D-BOD values of the sauries centrifuged to renews algae 
from them shewed that stratification exists la oxidation 
ponds* It consisted of three layers: upper one of lower 
alkalinity, higher organle-N and lower BOB} middle one of 
hl&er alkalinity and lower organic*!! and lower one of 
lower alkalinity, higher organic-!! and higher BOB. the 
100 values varied gradually In between the two top and 
bottom layers, the steady state dissolved oxygen variation 
was linear perhaps because the two depths oonsldsrsd were 
net high enough and the light penetration was unobstructed^ 

• . ' ^ ' . "W 

v-'the interesting finding was that algae prod notion 
wee inoreased when the detention time was decreased or 
ahem the feed volume was Increased ^^ls increase was 
almost linear*' It may be recalled that each a situation 
exists within limits In the continuous growth cultures 
of bacteria and fungi. Ms finding, shorn confirmed, 
would be la^ertamt from the design standpoint and algae i 
harvesting^] 

ZJ 

vijther send unions -of-lnterest- .were that there was 
loser elknlla&ty in the tap layers of the pond although 
the pH was high.^&iis may, perhaps, bs bseauss of algae 
metabolism as they produce nt ions dusisg phetecyntheeis • 


(jhere was m obsereafele rslne at VPV at any depth in 
the pent even when the detention tine was as seal! as - . 
6.3 days in run nv 'iEhe nitrogen toalanos shewed that 
a fair amount of denitrifieation was taking pise# In 
the pend ana that It perhaps depends on the rate of 
BOD feed rather than the depth of the pond* with higher 
'rate of BOD feed ihe amount of BOD satisfied aafterehiSftlly 
Increased hut the enact effect of depth and rate of feed 
on this was net wary elear. c/ 
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Ul HI3T0HY Am OimOFMEIgf gw ohd^tiqb sgg& t 

The deliberate addition of wastes to ponds as a moans 
of masts disposal seems to bar* begun In prehistoric times 
and has oontinnod until tbs present day. In anelant times 
in tbe Orient and Europe, many ponds bare boon bnilt and 
opera tad to encourage algal growth by tbe addition of organic 
wastes, tbe algae senring as food for tbs various typos of 
fish and tbs pond- so operated greatly increasing tbe areal 
yield of fish. An interesting presentation of tbs history, 
technology and philosophy of snob f 1 sh-eulture-ponds from 
anolont times to the present has been given by Edmintstond), 
Sedgwick (3) has mads frequent reference .to the ameslng 
purification of sewage when placed in penis and lakes as 
compared to running streams, Ha observed that ’while dilution 
in running water and exposure to free oxygon did much, quiescence 
in ponds and lakes did far mors*, 

1*8 OXIDAfXQH F0t©S tWDM INDlAH COHDITlOMt 

India, with her #0 per cent population living in smaller 
towns and villages, has a tremendous problem of waste disposal* 
Besides, her population is phenomenally increasing and there 
is also a rapid Industrialisation going on* One of tbe features 
eonoofliittant to Industrialisation Is organisation and when 
people live in towns and cities the problem of waste treatment 
multiplies in importance* while there is a good ease for the 
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prevention usd con trel of water pollution, funds are hard 
to obtain la flow of the more indirect benefits Involved. 

All. the money available for Investment la our country it 
present Is likely to be Invested la multi-purpose Irrigation 
schemes and la Industry* Consequently* If water pollution 
control Is to take e child shape* the measure# must aeeesserlly 
be economical* la flew of the high temperatures and abundant 
sunshine* * oxidation pond* Is likely to be the ideal method 
of treatment for domestic wastes for a majority of towns ami 
email communities in India, It is so because when properly 
designed and operated oxidation ponds have a high degree of 
efficiency* are easier and economical to maintain and can 
be constructed easily and quickly at a lew initial coat, and 
do hot require skilled and trained operators to look after 
them. Tha waste dees not require practically any pretreatment 
except grit removal and screening* the algae can be harvested* 
if a suitable economical method Is found out* and used as c - 
byproduct for the cattle feed or ultimately even for human 
consumption, the Central public Health Engineering Heseareh 

(tPUEW) 

Institute j^Hagpur has brought iout a brochure on oxidation 
ponds (4) in which many relevant details about pend design and 
construction are given* According to GFHMX, oxidation pends 
are best suited for treatment and disposal of dementis wastes 
for populations In the range of 8,000 to $0*000, tie use is 
however* not limited to this range only* If conditions are 
favourable* it ean meet the needs of bigger cities* 


i 

1.3 01MBUI. StAYtB Of OHDAflOH PONDS ; 

Many papers ere publlahad discussing tlie general, 
working and principles behind the operations of oxidation 
ponds end there was a symposium on this topie by OPHSRI in ' 
Nagpur <S f d t V). It Is observed that a well designed pend 
functions effectively without any odour and nuisance and 
produces stabilised effluent usually saturated with diss&ved 
oxygen, and «aay of then are sapable of and are aetually . 
supporting fish life* The treatment effected by an oxidation 
pond results frost a ©ample* symbiosis of bacteria and algae* 

The organise in the wastes are aerObieally stabilised by 
baeterla to O0 g and HgO, and the algae through photosynthesis 
convert much of this 00 g to algae sell material. Whereas the 
entering sewage solids are highly putreaelble and hasardous to 
ptdilia health* the algal soils In the effluent are highly 
stable and hate no pathogenie slgnlf loanee* The algae moreover 
oonstltute food fur higher water animals like fish. 

Anaerobic stabilisation ponds are sometimes used In 
series preceding aerobic ponds (5). The purpose of suah a 
combination Is to complete In anaeroble ponds the putrefactive 
reactions of organic natter coning in and' so reducing the 
organic load on the aerobic or facultative pond that is 
situated next* sulphur and nitrogen compounds as? o simplified, 
oxygon depleted and the organic natter stabilised by bacterial 
oxidation and nitrification. 








1.4 IMFORTAIISg Of tWDgaaTAMPIllB POH) gRPOKSSHi i 

It can be easily seen that oxidation pond is a complex 
system in which algal-baoterlal symbiosis occurs and there is 
a delicate tala noe between the aerobic and anaerobic e opponents 
of tbs total proeesses with respeet to BOB lead, detention tine 
depth and type of waste, me effective and efficient design 
of me pond would depend upon the clear understanding of all 
tbs parameters and f asters that affeet the pend proeesses. 
flie quantitative assessment of the contribution of aerobic - 
and anaerobic proeesses and the relative roles of the festers 
Just mentioned ere of paranomt importance* 
fo put in summarized fayw, 

CD It is very important to undorstand the various pond 
prooessss mat are associated with cranio matter 
removal and nutrient removal* 

(8) the offset of various physical and chemical parameters 
on the pond processes, both qualitatively and 
quantitatively, is very important fur the design and 
operation of the pond* 

(3) The knowledge of the above win enable an engineer to 
decide upon an optimum approach for the control and 
regulation of pond working in the field so as to achieve 
mere efficient system of purification of wastes* 


CB&Pf® «* If 

Mxnurai mnm &m iheqrotcal &mmow® 
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s.i aaaegigaa* 

tfe so terms *eixiaa tide pond* or ’stabilization pond* or 
aw pmUtaUy synonymous and applied to all bodies 
of water artificially created or employed with the intention 
of ygttflgtgg sewage or industrial waste waters until tfe* 
wastes are rendered stable and trnob Jee tl enable through biological 
decomposition* the effluent, then, could be disposed either 
by discharge into receiving waters or by seepage aid evaporation. 

A good sod general review Of oxidation pond literature 
is doss by fltsgsrsld et ul{25). Babbit (5) is s recently 
written paper for om£ sysp Osins has brought set elsarly His 
▼arioua advantages end disadvantages of this sotted of waste 
treatment* 

2.8 PlfTOllIT fTPES 0f QIJpAflGl yaw© I 

f be wests stabilisation ponds ere asehlly elaesified 
In literature into three types aeesrdlng to their depths* fSm 
deepest are termed the ’saaerOble lagoons* in which the 
aansroble fermentation proesssss predominate. tte Inooaing 
wastes soon senses* most of tbs dissolved oxygen from tie 
substantial portions of tbs lower layers of the pond* All 
these layers then become anaersble and tbe degradation of 
organ!® setter in these layers proceeds anaerobically^ There 


Is practically ns aerobic zone in this type of ponds; the 
organic loadings are anally high and so an# the detention 
times. Although than# would bo a considerable nuisance fro® 
malodorous gaaos fro® the amaeroblosis, the stabilization of 
the organic matter Is really quite efficient per wait area 
of the pond, the anaerobic types of lagoons are well deesrlhed 
hy Parker et al(t). the depths of the anaerohle lagoons are. 
generally of the order of 8 to 10 ft* 

The second type of oxidation ponds are known as 
’facultative ponds* » in which anaerobic fermentation, aercble 
oxidation and photosynthetie reduction processes ©sour et 
varying rates* Most of ths oxidation ponds usually eonstruoted 
in the field; ooas under this category, The three proeesses 
that are named above constitute the main po&d processes. The 
organic matter is stabilized both aerobically as well as 
anaerobically. The nutrients are usually removed in the form 
of growth of algae* The growth of algse depends upon eastern 
dioxide obtained either from aerobic bacterial oxidation of 
organic matter or from atmospheric absorption Into the pend 
and on the nutrients that are obtained by bacterial degradation 
of waste, and on light energy that is required for photosynthesis 
It could be seen that there are a number of Interdependent 
factors on which the overall pond processes and their efficiency 
depends. Compared to anaerobic lagoons the facultative pends 
have smaller depths (8 tc 5 ft.}, lower 808 leading rates 
and less BOD is aetually removed per unit area of the pends 




f 


when their performance is «r*d with high rats oxidation 
ponds discussed later. Hie facultative pends generally tare 
am tpper aerobic zone and a lower anaerobic zone , a part of 
tie ineoa&ng BOD load feeing handled fey each. since the 
anaarofei® proeeeaeo take longer hi m la stabilising orgeat# 

. natter tfee pond requires longer detention periods far feller 
BOD removals ag compared to o cablet sly aerobic systems. Bat 
at soofe higher detention tires tfee aerofeio and photos? nthe tie 
processes that ultimately influence tfee production of oxygen 
sad its utilisation for aerofeio degradation of organic Matter 
are not at their peak efficiencies. Hie facultative poads 
are desorifeed fey Caldwell{lO) , ran Henvelen and svnredi ) » 
Hermann aid aieynMid), 

The third category is known as%lgh rate eaddatiett 
ponds* in which bacterial oxidation and photosynthesis are 
balanced to yield completely aerobic stabilisation* and if 
desired, a reclanafelo excess of algae* These types of ponds 
are described fey Oswald and Gotaas(l3). 

apart from the aerobic and anaerobic nones la the 
faeultatira ponds, there is a great probability Hint the pond 
processes like the BOD removal and algae metabolism which 
affeet alkalinity, pi and nntrlent senaentration throughout 
pend would lead to sene kind of stratification In the pent# 
There is, however i very little work done in this direction, 
lest of the work done s# far considers the BOB removal, 
nutrient removal, ate. frost the overall pond as stalled free 



the influent end effluent ofearaeteri sties of these ponds* 
However, sqm of the work like that of Oswald { 13 , 14) 
indirectly lifts a considerable bearing os the pond processes 
ft« they oeeur throughout the pond. 

s.s ' ipfbctxvihiss in Lowssiua top; 

the oxidation pond is an effaotlve method of lowering 
BOP values of the wastes. The ' average values of BOP tooted 
>> f iUy ««fd (28) indicate that free HO ppm if BOP, it 

eould to lowered to 20 ppm when wastes are Being stabilised 
la oxidation pond with a detention time of about IS daps and 
proper environment of light, temperature and at sense of toads 
materials. 

«*♦ mas* 

the proper leading of stabilization ponds Is obviously 
important beeauso any purlfioatloa system oan bosoms overloaded* 
XU Europe the general figure of one aero per 1000 population 
is eoasidered a safe limit, but loadings as high ae 1800 people 
per aere of pend have given satisfactory results* In the 
national Research Council su®»ary{88) the ponds studied had 
a loading of £S to so lbs* per aere-ft. par day and eetlefaetory 
results wars obtained. Detention periods wars of the order ST 
SO to 80 days* Parker et al{9) made a study of lendings on the 
perfermanee of ponds in Australia and found loadings of upto 
if lb* BOB per aere per day resulted in 90 to 100£ purification* 
leadings above these values resulted in diminished redeetisn in 






BODf leadings of I08 to 180 lbs* per sere per dap resulting 
Is only SO to 88 lbs* per sere per lay reduction* fief 
suggest s least ef TO lbs, per aere per day for general nee* 

It is obvious, therefore, list' only rages generalizations 
eon be made as far as tbs loading of pouts Is considered, 
beeanse tbe differences In panda, types of wastes, detention 
tines and lose! environmental factors Influenoe tie effective- 
ness ef oxidation ponds* 

*•» mumm 

TOe relation of algae to tfee preeoss of bod reduction 
in ponds bas been investigated (18). Certain aigao wbleb grow 
In pends, especially ehlorella are capable of growth oven in 
dark with organle e«qpsmAo(iV a SB)» However, numerous 
experiments bare disproved this, Inasmuch as tbe growth ef 
algae is eontrolled by temperature to some extent, tbe nee 
of oxidation pends In winter has been questioned* . Howeve r, 

It ban been found that 'tbe general sffleleney ef ponds for 
100 removal Is not greatly attested by temperature^-Studle* 

In Denmark and Berth Dakota have Indicated that frozen pends 
also gave satisfactory treatment* 

Oswald #% ai(8e) discussed the relationship between 
depth, detention tine, bod removal, eta* concluding that the 
permissible leading faster is large in summer than in winter 
principally because the amount of light energy is greater, 
tbe light strikes tbe surface more directly and the temperature 


10 

Is mere favourable la summer* ' Heel and Hopkins (35) bars 
found that there Is little tendency for tbs BOO removal to 
T«r, m and dess# with the plankton density during most 
seasons* 

3*0 fmJtffll&* 

the literature shows that little work ie dene to 
determine the effect of detention time on BOO reduction 
taking plane in ponds si nee few reports mention pends run 
on an experimental basis with this faster wearied. Parker 
et al(9) shew that detention time In an anaerobic lagoon 
{first one in a series arrangement) should net be mere than 
5 days as the BOB reduction decreased with increased 
detention time* according to them# there Is m effect with 
variation of detention time from 21*4 to 10*7 days on BOB 
reduction* 

Allea{27) states that though larger fasULtatif* penis 
with large detention times require little eoatrcl they dye 
net as efficient as small shallow ponds designed for mere 
effective utilization cf sunlight by algae* Such pends are# 
however# mere sensitive to environment and require greater 
degree of control* Oswald { 29) maintains that the leading 
factor Is lower for deeper pends {3 ft*) than for a shallow 
pend {1*5 ft*) because the average light intensity is less 
throughout a large fraction of the volume of e deeper pond* 



ti 


Bedrculatlon Mas been shewn to increase BOB removal 
only to a small degree tat doss not help in increasing 
phot ©synthetic efficiency of the peads{ 14} * similarly light 
periodicity { percent of £4 hr period that light Is continuously 
applied to a culture) of between 2© to 100% Ms little effeot 
on the percentage of BOB removal, ft was Mown that with 
40% or sort of light periodicity the algae present produced 
S to S times the amount of oxygen required to satisfy the 
sewage BOD (£5). 

B*f BFFBSTIVlIgBSS IH LOmkim BACTERIAL COOlBBI t 

4 large number of studies quoted in {25} show that 
oxidation pond la very effective in lowering the bacterial 
count* _ in nearly all Imstaneee the bacterial counts have 
been lowered to loss than 1% of the original ooneontratlen* 

The 5. coil eonnts have been generally reduced from several 
hundred thousand to less than hundred per M, and in one ease 
where typhoid feadterla were reduced from 41 per ml to nil* 

8«® IgygSTiyBBlSS IK 1383BOISK* ITOTEIENTS : 

It has besn seen that considerable amounts of plant, 
nutrients are removed from the sewage by the eetien of 
oxidation pond* The nutrients are absorbed by algae for 
-their growth and the nutrients are converted and concentrated 
into algal ooll material. The aamonla-nl tr ogen is reduced 
from 15 or 40 ppm to less than % ppm in the pend effluent* 
Alongwith the 75 to t©% reduction in aamo nl a-ni trogen upto 


«0£ of organic nitrogen is removed from the solution* Nitrate 
and nitrite nitrogen way increase tot the amount present are 
xamtellp insignificant compared to amsei&a»iiitragen. It Is 
also recorded that phosphorous levels were reduced by «8%* 

Hist of tills redaction is probably due to precipitation caused 
byn increased pH of the ponds rather than due to absorption 
by tbs algae* potassium is reduced by id to 20$. Chloride 
concentrations as sewage passes through ponds are .net 
consistent* sometimes increasing and other times decreasing* 

in gonsral it can be said that algae will remove from solution j 

. . .... . j 

the nutrients required for their growth; the algae concentration ; 
approaching about 400 mg of dry algae per litre of pond water (IS). 

8*o mm* 

It has been found that (Oswald ,18} during the two years \ 
of operation of a pilot plant under proper conditions no odours 
wore- Observable, with the exception of a faint grassy one which I 
is characteristic of the process* the Obsorvatloas Included | 

all night periods during which the pend was undergoing high ! 

leadings, when the ponds ware overloaded in a deliberate 
attempt to breakdown the photosynthetie process foul odours 
were noticeable* these resulted principally from the anaerobic [ 
bottom sludges brought to the surface .during stirring. Under 
proper operating conditions photosynthetie oxygenation is a 
preeeas without objectionable odours* 



contaminant as these grow swiftly covering the pond surface 
with foamy scum la one or two days* This soon prevents light 
frea reaching tii« underlying strata and hence interrupts 



sad Hermann (33) point oat that 4S$ eat of lit poods la Vsxss 
la UW supported fist Ilfs la wary lag degrees* 

Another possible eeonemie crop froa oxidation pends 
weald to the algae grown la these pends* Sewage grows algae 
do not mm to haws as high a protola ooateot as the saws 
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species grows la ether *sdia(36) * but they still can be 
considered a valuable protein source; but unlike fish, the 
harvesting of algae from the dilute suspensions found in 
oxidation ponds is very expensive operation and Use problen 
is not eospletely solved yst( 14) . Much work das teen done 
on tOo use of algae as a food souses m a source of industrial 
raw notarial. Pried sewage grown algae Is also found to to a 
good ettiekea feed ( 13 f 14) , 

g»l« POM) PH003fiS8158 ; 

Pond proeessee are very Important espeelally from the 
standpoint of toe present research pro jest. Quite a lot of 
work is dene la tills ersa by Oswald at al (13,14) and a few 
Research Prelect Reports were also published by then under 
the- auspleee of university of California , Berkeley, DBd. 

aam. * awsasaiaa, mate ’ 

the fig* l«l by Oswald (14) sxplaias seheaatleally the 
overall reaotlons whieh eoonoaly ooeur then wastes are 
eentinually added to the ponds* as the wastes eons in 
quite a lot of suspended org&nle natter settles down within 
a ' natter of a tow hours to fern sludge, halo process being 
sailed biofloeeulatlon. the dseosposlttea of the remaining 
natter is started by the bacteria, and the decomposition 
results in producing 00 gt 1%, phosphates and other compounds. 
If the whole pond is aerobic then the sludge is also decomposed 





PROCESSES TAKING PLACE IN THE OXIDATION POND 
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aerobloall if and meet of these compounds are famed* If 
little or no oxygen i» available at the bottom, sludge may 
undergo partial decomposition* say increase la quantity 
without decomposition, or it may undergo partial or eempleta 
anaerobic decomposition, me anaerobic decomposition 
1 wolves tee stages. Ost, called aeld fermentation utilises 
oxygen from organie matter Itaalf or from the oxygen-rich 
aniens like sulfates, nitrates and gives rise to Hg , C0 g , 
HgS and ether odorous gases and to organie acids* me 
second stage involves, under favearable conditions, alkaline 
or methane fermentation eg a result of which methane gas Is 
formed together with some 00 g and. %. in important 
decrease In pend oxygen requirement occurs when organic 
matter la decomposed anaerobically. 

Under favourable conditions of temperature, sunlight 
and nutrients, green algae usually grow in the top - layers 
of the pend* me algae use eo g , ammonia and phosphates 
resulting from bacterial deeempesltS.cn to synthesise algal 
cell material and in no doing release o g , this oxygen may 
become available for the oxidation of dissolved organise by 
bacteria* this cyolie process stabilises the organic matter 
of me incoming wastes* 

In another process shown in the Fig*. 8,1, BgS my 
be converted to elemental sulfur by photosynthetie baetcrie. 
It is dew that for affieient working the pond would have 


to be so 



tours st tte bottom of tbs pood* Ttat is, the proooss of 
biofl osculation trines stout a too fold insroaso ia tto stood 
of formation and deposition of dissolved solids* ft© mechanism 
of bl ©flocculation Is discussed at length by Lackey sad 
Smith (IS). ftw only important conditions for blofloeouiation 
appear to be the presence of a rloli aid valid population of 
mlaroorga nlaflw , aa ample supply of nutrients sad sufficient 
time 'to develop a stable population. Biofloeeulatlon la 







action of waves or by mechanical rooirottlatton* 
ly by the movements of Invertebrates which 


£#■> Ihl 


i H fj: ;i * 4 . - • # , I 


because algae are 


oooulation. ^htofloochUti on li 
eat decrease in dissolved oxygen 
«4 into a none of limited light and 
removal of hardness ban alee be 
fleeenlatien* 
















invertebrates lile© rotifer®, oladoeera, ostraeods 
and ©opepods ax© comraon in ponds, partioularly daring 
spring and fall* ffcese organisms Ingsst algae and 
bacteria and «x« capable of rendering the pond virtually 
fro© of suspended solids other titan themselves in o tow 
taps* However, s&Ly a small fraotion of the bacteria and 
algos are digested If them, tits remainder art simply nddod 
to the tot tom sediments, 

lerehle Oxidation : 

Disregarding j&osphoroas, sulfur and trass aleiasfita, 
the oxidation of organ!# matter In sewage in high rate 
ppmds lias toon found ea^erinostaily to follow the roaotion( 19) 

c iAt°/* 14 °g * ^ — *- u oo 8 ♦ it at*® * 

Ammonia is rarely oxidised to nitxata 1st stabilisation ponds 
because ammonia is sitter assimilated Of algae, lest to the 
air or preeipitated during periods of high pa before 
nitrifies tion San besoms established. Although biological 
oxidation eould ultimately result in virtually complete 
oxidation of available oxganle matter and tho removal of' 

■ ' V t ' 

first stage mm t it does not proseed to eonplotlsn in 
ordinary facultative poods boeaua© the sludge which reaches 
the pond bottom is in a sons usually void of molteulsr 
oxygon* ihsso dspoolts must either decompose amaorohftoslly 


m 

m. swat be resuspended for aerobic oxidation. 48 the sewage 
entering the pend la devoid of any BQ, only two sources of 
oxygen art available for aeroblo oxldlatiom atsiospherie 
reaeratlon and photosynthesis. 

The oxygen deflelt would develop la a pond that la 
heavily and ©ontinuomtly loaded with orgaolo setter* ffee 
diffusion of oxygen frea atmosphere Into the peat would 
depend upon the magnitude of this deflelt* deserting f# 
MMfclaeoa(tQ)* however, jaoleeuLar diffusion «a aufih plays 
a negligible role la reaeratloa of lakes* peaeratlon due 
to wind action la a aery difficult faster to be simulated 
la eoatrolied experiateats. the many formeniatioas fear 
oxygen diffusion baaed m oxygen deflelt, re ally would net 
apply to oxygen pends* a« these show ea oxygen deflelt at 
sight and euporaeturation with oxygoa during the dgp* the 
oxygen deflelt whleh would stake the diffusion of oxygoa 
Into phbia «f any etinlfignafr would "hare to bo of aaoh 
Magnitude that It would Make the peal eonalderably Malodorous* 
Secondly, the atmospheric reaeration la of little atgnlfleanoe 
la pond design because mmh loss oxygen la taken up at wit&M 
through reaeratloa than le lost during the day when the 
photosynthesis la vigorously taking phase. 

*.!*.• MUM »w»wtl«a tarewtt PtotowatlwgU ; 

photosynthesis la a major source of oxygen for aerOfele 


SI 


oxidation in stabilisation ponds, Oswald {14) Mas given the 
foil owing reaction for the composition of algae (10) already 
known: 

ii epsp'^pf' or m 'PPi $ ^ 

< 4 **« co i * V— S%.l®*.b K i.o ♦ *•« «• 

4 18 # S HgO * 666 leal* 

About 3.68 salaries are fixed for sash m of oxygen liberated 
and about 1.67 eg of oxygen are liberated for each eg of 
algae synthesized (IS) * the source of energy for this type 
of reaetion is, of oourse, the sunlight * 

¥ 

the types of algae asst active la oxidation pends 
are the nlerosoople ehlorophyceae, sueh ae Chlorella and 
seenedesmus or a« In gone eases legless and Qhlaa^de&toasas* 
Chlerell& and seenadeseea are extremely hardy* individual 
sells are found .to he viable after long periods 'of 
anaerohioais, drying and .freezing, Chlaeydseenas and legless, 
on the ether hand, die and dee&y readily under adverse 
eenditioae and henee nay be less desirable in pends which 
dlseharge in deep receiving bodies, the bine-green algae 
sonatinas grew an sledge rafts at the surf see and through 
their filaments lend added neohanieal strength to the rafts, 
they also at# found la suspended algal population. 

the photesyathetle or ligit conversion efficiency is e 
function of light, tine, nutrients and temperature* Oswald 





ill te H i m and WT ion sfeea placed in go! titles of 
High pi existing Is pends or tieftatis# It it oxidized is tie 
presence of aeleeelar oxygen, HgS is alaest eatirelp 
dl ssool a tod st pi 8.6 sal sore sad tie m* lee la 



BL8 m « product of blooxidation, tie reaction being 

IS 

sttsn&ated If tie hlgb eoaeontrations of sulfates la domestic 
sa^e^eftter* 
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Ki trite and nitrate reduetlon Is not- of inpertanee 
In ponds because these anions ordinarily are not present 
In significant ooncantraticas in doses tie sewage nor are 
they formed free ammonia in appreciable concentration# in 
beastly leaded oxidation panda* The algae quietly assimilate 
the ammonia before it earn ha oxidised to nitrites and nitrates* 



The bottom doposlts of oxidation pond are subjected to 
methane fomentation after aeid forming stage when the 
conditions aro favourable, These conditions are described 
inline)* The methane fermentation is a delicate process 
and many times may not be established in ponds if it ie not 
woll designed. According to Oswald* 14) on on average methane, 
hydrogen and other combustible gases comprise more then 60)1 
of the total gas produced, and about I lb* of BQ© is rod wood - 
per It eft of gas evolved* 

Methane fermentation is essential for the sueeesaful 
performance of the facultative oxidation ponds* gome pertinent 
facts about it would have a great bearing on the design of 
oxidation ponds* It is fsit that indiscriminate sludge 
distribution would lead to a small thin layer of It to bo 
deposited «n the bottom and this would be exposed to the 
changing environment in the pond like the changes in BO* PS 
and temper stiffs* Methane f earners are not likely to bo established 
under such conditions* Secondly, if the rate of sludge 
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deposit! os erased s that of depletioa bp methane fermentation, 
the acid eoaditioBs would soon atop aap further methane 
fermentation. If sludge blankets are permitted near the 
influent, bp Halting reolreulatiea, the war® ssterlag i 
sewage of almost uniform pH would for® good onwlrossiefit. 

If those deposits are seeded with methane bacteria, tbs? 
would thrive and a high nedeetioa of BOD will bo obtained. 

The pood also will bo free of odours* 

Dio pood prooessos as discussed in tbs previous pages. 
It la doped, woUld prepare tho background agaloot which tho 
results sod di sous sloes obtained is Die preoeat research 
projoot would bo approelatod batter* 




©ontrolled laboratory eon41tioa«, 

(S) mmsmmxto tut ttso data obtain©* in mo #^#ri*»iit#l 
study t© so# if any aoofal ooaeluoioSB #•» 4r*wi 














that oay modify the preoosoeo Is ponds, these factors are 
ss follows: 

(a) offset of vlaft «M the eeasetssst sizing that it 

{%) off sot of. the sssftstios of tSMpormtsro .is tifforost 
seasons* 

(«) offset of the sizing oases* As© to the movements of 



(1) m mixing of the ©onteats of the posies Am to 
simulate the natural sizing occurring Aue to slaA 
is the fiolA. 



m 

(2) fhe inoideat light intensity on the surface of the 
, pond li also kept constant* Four fluorosoent tt&es 
w<uut fixed so as to be above the experiaeatal model 
of the pend, me taboo we^ kept on «II the tventy- 
fosr leers « day , 

i%) mere wa* no simulation for the mixing doae by the ■ 
vertebrates as in the ease of field oxidation pends, 
ft is proposed that the rote of feed of sewage to 
the experimental pend and the depth of the pend weald he 
'the two eontrol variables, 

(a) fee rates of feed, are proposed - one, SO lbs, per 

■ ■' -V 

sore per dap of BOD load (id kgAeotare/day) and 
sensed „ 100 lbs* per sore per day of BOD lead 

Ult kgA#®t«re/day). 

(b) fee. depths of the pend are proposed * one, 21 lushes 
(53,40 ass) and the ether, 14 lashes ( 35*5 sms)* 

These values of the feed and the depths are arbitrarily 
fixed after the study of relevant literature* Aetaally 
the stratlfleatletn, if it takes plate in the pend* sen 
he firmly established only after performing experimental 





talcs* It* own tin® to eons to a steady state, in the 
present work, m outlined earlier, the paraasters a re to to ' 
determined only when the oxidation pond attain® a steady 
state with respect to the pond prowesses under the given set 
of conditions* the steady state ean be recognised by a 
steady variation of 00, pH* ete* with reepeet to 

the depth of the pend* 

It Is proposed to study the following ehea&cal and 
biological parameters at different, depths in the penis 
{II Algae concentration ~ x would determine the amount of 

algae produced and consequently the oxygen produced. 

V 

(*) Blsseved oxygen * would det ermine the sorebie end 

anaerObio senes and also the stratification If it exists* 
(8) 5-IHBO0 h I-0-B0D - weald determine the srgaaie natter 
renewals, 1-IM30B being required for oxygen mass 
balance In the pool* ' 

|8| Alkalinity * would Indieate ohessteal changes taking • ■ 
place daring photosynthesis* 

(6) pH * for correlation with alkalinity variation. 

(f) fatal phosphates * t# study their variation with pond 

ll'iittl illiMM "SI if" it Ml ninMi 

Jwel PVMNPVg 

(8) Aonenle^ir end Organie~H * to study their variation with 
respect to stratifieation and their recovery in the 
pond in the fora of algal eeH production. 



fan 

with Vm sewage* 0a the apposite smaller site* «tx hales 
were Mll«4 alinay between the edges starting fro» 8*1 Ins* 
trm the batten «nA ®*1 las* ieiifre to centre. fbe tala* 
wsps Ok® ineh <t*Sf ®«si diameter {see fig* 1*1} # Ike 


topmost hole 11 irns* fro® the batten Is tm the effluent 

k 

la fw« I ant Ilf sad the fourth Mm ftm the batten, 14 
inehee Imk lt*is far •fflwil la rims HI *b 4 If* ft© 



effluent sables* the mastering af the hols* mUsfe are the 
sampling points far taking samples at wioos levels is 
indicated la fig* 1*1# $»® t&ewsaaeter* were iassrts* 
in the frea* tarea* alts at i*s las# an* 10.1 las* ttm % he 
bottom. as 8km la fig* 1*1* to aaaans?# tasperaterea* 






FIG- 3-1 

EXPERIMENTAL POND DETAILS 



PLAN 



A&J. the holes nsed for sampling *w will ag feeding 
were fitted with rubber oorks through whieh glass t ubes 
were Inserted after drilling holes through thee* Adequate 
length# ©f richer tabing were fitted to the outside ends 
ef these glee# tehee* title experiaental pom! wee new 
plaeed below e laboratory work-table the under* ide of 
whieh four fluorescent tubes were fixed for providing 
light on the pend* 

mmmmM. mjmm mimm «>«> * 

In order to simulate the field eendltione properly 
In the natter of seeding the pend with Meroerganlsss* 
the bette# of the tank was severed by a layer of sell, 

0*5 ins* In thlefcasss, and later the tank was fillsd opto 
sheet 10 ins* ftee the batten with water brought treat an 
ant side pend* as the outside pend was in exlstense for 
a long tine* there weald be a good growth of algae and 
ether ntereargaaiena in It* 4 microscopic examination of 
this water saaple eenfirasd that it contained different 
types ef algae* protosea, ate* the remainder ef the pend 
opt© the height ef *1 ins. was filled with fee* / sewage. 
Initially to attain a good growth ef algae and te get 
the pend working eaUsfeeterily, no feeding was dens V 
for sheet tea - fifteen days* owing this period seaetines 
the na&rlent* like aaaonim snlfate and petaeeln# pheephat© 
were added te the .pend# the development and growth of algae 
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in tii© pond was reflected la the changing colour ©f water 
which te© an© greener and greener. After this period t the 
regular feeding and effluent withdrawal was started, 

3*5 JR, LIQgfXSS ARRASQBMBlff : 

four tubes ©f 40-watt, T-18, 48 in, (Phillips) long 
giving fluorescent light were fixed to the underside ef the 
laboratory table below which the experimental pond was 
placed, When the depth of water in the pond was 81 laches, 
the vertical distance between the water surface and the 
centre of the tubes was 12 In,; when the pond water depth 
was 14 in., the same distance was It inches, 

Proa the typical fluorescent tube data (54), each 
tube gives 750 lumens per ft length of the tube, for 
calculating the illumination in foot-candles at distances of 
12 in, and 19 in, the same reference gave horizontal distribution 
footers of 0*127 and 0*145 at a sideways distance of 1 ft, from 
the cehtre of the tubes on the water surface. Here the- light 
intensity is supposed to bo least, so the Illumination for tho 
two dopths are 581 ft-eondles for 18 inch, distance and 
455 ft-e audios for it inch distance. 

About 15,5$ of radlont energy is converted into light (34) 
apart from convection and heating losses* from the study ef 
light distribution on the model, it was taken that about «0$ 
of the light would fall on tho water surface. The light 


energy felling <m tne fend surface per day in calories per 
wq. ©as* would be 0*6 * 0*166 x {4 x 40} x 24 x 6*6 x 10 5 / 
4*18? x 86S0 er about 60' calories per sq* on* per day* 

This would be so when the lights are os for 84 hoars a day. 

Free Oswald’s et*art{15), which gives the probable values 
of solar radiation falling on the ground as a function of 
lattltuie and south, the valae of 60 'calories per mfi per 
day corresponds to less than the minimum solar radiation In 
lanpur {86*8® 1) for the nasth ef December. 

8.? STARTUP THS POjP : 

with lights kept on 84 hoars a day, the pool 
conditions were under a careful watch* Occasionally* as 
stated previously {in ssetion 5*5), nutrients like ammonium 
sulphate and potassium phosphates were added at the rate ef 
15 mg/1 and 8 mg/1 respectively* These quantities were 
based on the work ef Baal and Hopkins (55)* The pond conditions 
in terms of dissolved oxygen started improving and after about 
15 days the pend became dark green* Then t ha feed of domestic 
sewage was started gradually till it became 50 lbs* ef BGD/acre 
per day or for domestic sewage of 800 mg A of 9*MWD, the 
feed was 16 litrss/dsy* The strength of the feed sewage was 
kept constant at that valmo* 

5*8 jjgg&M * 

Ths sxperisamtal procedure was planned to fulfil the 
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ebj satires of study. As plan of woer^c Is terlsfly 

presents* feelowi 

(1J Control YsnftAleni a# control variabtes la Ae 
present study were (a) dspA of As pond sat <*>) rsA «T 
test* As Aloes of As so variables are already rlstst 
la section 8.8. rns starengA of Aw food sswags was leapt 
constant at too asA sf 8*-D-®0B tf appropriate dilution* 

For Ails, first As relatioaaJiip between S-WB0B sad 000 
of As fssd was established sad As parawster of 000 was 
asst A keep As sewage atrengA eonstant. WIA Als 
strength As fssd rates for As As loots of SO oat 
100 Ibs/acre/day Ass sat A be IS lltrea/day sat St li tiros/ 
day respeetivoly for As given pond. 

(8) DspA of As Ysst Point? As fssd was istradiwsd from 
As hole sots In was of As smaller aid#* of ms taste* As 
height of As bole was 8*5 InAss (8.9 oma) above Its bottom. 
As sewage A# fad into As tank avery day in A# morning at 
stout 10 a*s, 

(5) Feed Materials • As fssd notorial proposed is As . 
affluent of As dewsetie wssA from As ssptis tank in As 
IIT Campos. As saws manhole wan need ill As time. As 
steaxastsristlss of Ais sswags w**, nors or Isso* eonstant • 
and predictable, and when taken fro® As nans manhole svsry 
day «t Asnt As saws tins* its strsngA «Hs also mere «n 
loss cons Ant. 



{4} light Intensity* The light intensity was kept constant; 
at the rate of “4© ©als/g$ m of pend area per day when the 
lights were on all the time, 

<§) Sailing; Th# samples were withdrawn from the sailing 
points of the pond node! ©wary day at about i£ soon* Tho 
samples were initially tested for BO and pS to determine the 
steady state, About 100 ml were withdrawn from e v e ry sampling 
point for these tests, 130 determinations were done in smaller 
bottles of 80 ml e&paeity, 

(4) Tests s When the steady state was reached, all the 
experimental parameters mentioned in section 3*3 were 
determined at all the sampling points, Except algae 
coneentration determination, ell the parameter® were 
determined according to the procedure given in ‘standard 
methods* (£&), Algae coneentration determined photo- 
metrically as doseribed In section 3.8*8* There ere in ell 
four runs of the experiments, two corresponding to St in* 
depth of pend and two BOO leads of SO and 100 lbs./aore/day 
and the ether two corresponding to 14 in* depth of pend and 
the same two bod leads* 

However, before the first steady state was reached, 
the following experimental determinations were made whieh 
were ef the nature of preparation of standard sums for 
determining the ehsmieal parameters Inter en. 


Poiat&ooshlp. between ..iMh»BOD andCQB ofBead sewage : 

Tkla ms mmmm my to regulate the feed to a constant 
bob or too ng/X. The COO toot In preferred to S~D~BOB tost 
*• It is qi&ie qwlek* Both the tests wots performed os tbs 
fssi sewage samples m muster of days and data Obtain*! for 
5-B-BOB wer e plotted against ths corresponding sob values* 
These toots vox* eendnated according to ‘standard nathodsMB®) 
and tho results are tabulated in Mia I and shown in Big* l 
in Appendix, 

5*8.8 Qmlarnotion of a Photometric standard Qumo far the 

SSS3i5ISI3iSr^~ 

It *s seen that the . algae^laden water looks quite 
green*- Zttiia proposed to measure the eoneectratien of 
algae at various depth® fe y measuring the intensity of 
green odour photonetrieally • This cam fee found fey measuring 
the absorbance at a predetermined wavelength of the algae 
water* The ooneentratlon of algae in pond water ean be 
found out* in mg/1 fey eentrif«gla& the algae and finding 
its dry weight after drying lt£two hows at im 9 0* As 
there would ho some afeserteane# of light fey the sewage 
turbidity* it is proposed t® we that frequency for 
determination of absorbance at which the differense between 
the absorbance of algae voter and sewage is maximum. 

The appropriate data for determination of optimum 
wavelength Is given in fable 4 and plotted in Big. 4 in 


Appendix, AM the data for the preparation of standard 
aarta for determination of algae concentration is given . 
in T «ble 6 «M plotted is fig* 8 is AppeMix* 

Mjam It BiMHM 

these curves ara necessary fcr the determination of 
aoMostratloBs of total phosphates «M ammonia nitrogen of 
the samples photometric ally . The curves wort construe tod 
according to the procedure given Is ♦ standard Methods* (3ft) . 
The data and the standard asms ars given is Appendix Is . 
Tables 8 and I and Tigs, 8 and 8 respectively. 

8 # a # 4 lute 

ISESM* 

These values are seeded for the mass balance of 
oxygen per day in the pend* 

The BOP values on various dey*. starting free the 
first ere determined according te a procedure similar to 
5-JWIOB test* The temperature for all the tests was 85* 0. 
The data Obtained wee treated according te ftgtast* 
method {57}* The staples for the tests were withdrawn at 
various levels at the same time* The results and figs* 
are presented in Table 5 and figs* 5 to 15 respectively 
in the Appendix* 



reached under various depths of pond and rates of food was 


done following the procedure given in ‘Standard Methods' (56). 


The observations Obtaiasd for the four rone are tabulated 


in Tables 4.2 to 4.5* 4 a decided from the aeoond run onwards. 


a set of sample# from various depths was centrifuged to remove 


algae from it and additional determinations of 5~IWBQD, 
1-D-BOD, aanoni«-'K and organie-H uadi done on these. The 
values attained are indicated bp a star on then in the 


Tables 4.2 to 4.5* 


4.3 mmmm* 

(!) Mass Balance for Biochemical Oxygen Demands 

The shss balance la done by ©aloulating ultimate BCD 
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of the sewage coming la and going cat of the pond pea day 
aa well a* oxygen produced by algae per day, a typical 
calculation for ran II i» presented below: 

Influent BOD » 100 Iba/aere/day » 38 litre* of 800 ag/1 
8*»D~B0D feed sewage for the area of the pond. 

So, BOD coming in the pend per day • 38 x 800/(1*0**^) 

• 7390 ng/day 

where lc is BOD rate constant and t the time in days. 
(The rains of k for the effluent Is 0*4 per day as 
determined by BOD tests. See Table 3 and Fig. 3 In 
Appendix) * 

and BOD going oat of the pend In effluent (without 
elgaft) » 88 X 88/{l*t~® # * * ®) a 1180 fflg/day. 

So BOD satisfied In the pond per day * 9830 • 1130 

• 3180 ng/day. 

Algae eoneentratien (dry wt) in the efflnent * 103 m/1 
Oxygen produced by algae • 38 x 103 x 1*38 * 3330 ng/day. 
so, balance of BOB satisfied anaerobically • 3180 * 3830 

- 330 ng/day. 

(Hie data for the run II are given in Table 4.3), 

(In the wm 1, the effluent was being released 
from the sailing point 4 instead of 3 - that is, f inches 
below the pond level. As the algae whieh had maximum 
eoneentratien in the top layer went oat only pertielly 
with the efflnent, the veins of algae produced per day, as 


******** from the sample trm point 6, t» q»L%* high* ftm 
ihe 1 Iterator® It tan be teen that t value for algae 
oonaentratlon for the BOD loading of the order of 50 Ibs/aoro/ 
**9 end light Intensity of the order ef ISO eais/sq ea/day 
would be ef the order ef 100 agA (Id). Henee this value 
has teen need la the ealeulatloa for run x* Also the 
theorstieal BOD ef the algae works sot to be 0*0® m/m ef 

algae* Similarly, for the production ef oxygen free algae a 

* 

faster ef 1**5 ag of oxygen per mg ef algae Is taken free 
the literature { 15 , Id) * These values weald then indicate 
the effluent BOD to be St agA* and the remaining 66 agA 
BOD would bo that which la exerted by dead algae* The amount 
of algao needed for this would 'be about 100 mg A) * 

similar mass balaneea are made for ether runs end 
the results are presented In Table 4.6. 

(S) Maes Balaneea for Amnesia*® and organle-B; 

in calculating the aass for nitrogen the sun ef 
eaaoxde*B and organic-® la tamed total nitrogen* Fran 
the literature survey it Is seen that most fora ef algae 
in mass contain about 6$ of nltrogon(lS). me aass baianee 
far nitrogen ie a al sale ted similar to that of BOD and the 
results are presented la Table 4*7. 

4.4 OBSBRVATOMi 

All the observations ar© recorded in appreprlete 
tabular fora* free Tables 4*1 to d.T and the graphs are 
presented in Figs. 4*1 to 4*4. 










T4BLS 4*2 

STSACT STATE MEAMTfflS POE SI® X 

Poa4 ftftptfc « 21 lag, BOD load « SO ISo/aoro/dHf 

Dotoatloa tta* • to days Light iatoaslty * ^0 ftala/ 

es^/day 



Sampling 

p ♦ i 

a't a 

1 

paranMi^er 

ft 

5 

4 

3 

2 

1 

Depth, OKS, halo* 

POfiu lOTOl 

mi 

<*ffl«*)8.t 

m 17*8 

20*7 

35*6 

44*5 

Taap*, ^0 

87,8 



20.5 

»* 

2ft 

pi 

8.35 

8.80 

8. IS 

6*0 

7.90 

7.65 

DO, agA 

3.80 

2 # 0O 

2.05 

1*35 

0*40 

0.00 

5-D-BOD, aw A 

98 

87 

6® 

81 

85 

84 

1*D-®0D, awA 

8ft 

3ft 

32 

31 

SO 

37 

Algaft ftoao*, OgA 

250 

too 

25 

8 

0 

0 

»«A 

M 

3*5 

wm -m 

3.4 

4,8 

4*8 

0ft8"*H, awA 

IS 

13 

10 

10 

11 

11 

total Alkali, 
msA •* 0aOO s 

270 

890 

340 

320 

31© 

318 

total Pfeoo. ««A 

8*8 

8,9 

2*7 

3*1 

3,8 

3*1 

unit 
war Jl§ 

0 

0 

0 

0 

0 

0 



45 


tmm 4,1 


smur state far asset®© for mm tt 

P 9 fi& depth » 11 las, BOB lead « 100 lfea/asro/day 

»®t, 0M * 10 daps Light lnten. * : So eal/«a S /day 


parameter 

i 

sampling 

5 4 8 

Points 

i 1 

Depth, eas f below 
pend level 

all 

(efflu.) 8*0 

If,® 

80,f 


44,5 

Te«p*t ^0 

m 

m 

4* 

86*8 

m 

86 

DO, mgA 

2.04 

1,50 

0.58 

0*00 

0.00 

0*00 

5~D*B0B t 

ios 

05 

TO 

Ml 

©D 

80 

01 

«gA 

58* 

55* 

45* 

ss* 

Mg A 

ggpupt ' 

00* 

l-EWBOD, 

55 

55. 

80 

00 

84 

«g 

mgA 

15* 

14* 

if* 

51* 

55* 

86* 

Aamonia-R, 

5*1 

4,8 

4,0 

4*5 

5*8 

4,1 

**A 

4,1* 

4,8* 

8,0* 

4.8* 

5.8* 

5,0* 

Grganio-N, 

14 

IS 

10 

- 0 

10 

10 

mgA 

0* 

a* 

fe 

8* 

0* 

8* 

Total Flies, , a*A 

5,5 

us 

8,1 

2*5 
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55 
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gp 

10 

0 

8 
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0 

0 
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0 

0 
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98 

81 
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m* 
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35 

88 

88 
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8* 
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80 

on 

11 
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IT 

IS 

18 

1® 
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f* 
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8* 
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0 
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pH 
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■m± ■fit * 

T,tO 

oo, msA 

1.80 
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0.00 
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180 

80 

SO 

40 

««A 
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w* 
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1-D-B0D, 

48 

34 

S3 

j§4 
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Algae tone., ngA 
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85 

m 

0 

a eMk ’Bit 

AlnBQMUkV^Mp 
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s.® 

8*4 

8*4 
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s.i* 

*#w ■ 

1,4* 
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14 

14 

10 

10 
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4*4* 
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1,4 
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mt 

840 
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ymm / f Hft W| 

Mr II / 4PP mm 

0 

0 

0 
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^ ^ "T" " ll " l """""|"' rl " " ■ r^"«. f , y 
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days; Dsp* 

*1 ins* 

*14 
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l«.f 
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load 100/ 
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day; Dot* 10*4 418 
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days; Dsp. 
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DSt* tins 61* 806 
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Dsp. 14 Ins. 
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lf66 141 if *8 
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DISSOLVED OXYGEN Vs DEPTH 
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OKOtyNHiN, TOTAL PHOSPHATES Vs DEPTH 
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ALKALINITY a PH Vs DEPTH 
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BISOIBSIOH COUCLtBIOSS 

5.1 STIUTmOmOS IH OnBAflQK PQI0S ; 

The experimental results la the previous chapter 
Indie ate that stratification exists even in small-depth 
oxidation ponds la oondittona which would have been expeeted 
to be eonduslve to a completely aerobic system, This is 
Indicated from the study of alkalinity, organ! o-H and the 
5-D-BOD values as discussed below. This stratification 
exists, however, under the given experimental conditions 
which include lighting for all the 24 hours. 

5.1.1 Alkalinity ; 

The alkalinity in the pond depends upon the 
activity of the photoeynthetie algae and the alkalinity 
of the incoming sewage. Algae utilizes C0 g as the source 
of carbon which is supplied by bacteria while oxidizing 
organic matter aerobically. HCGJ ions also supply C0 g to 
the algae, it can be seen {Fig. 4.3) that in the first 
10 oms depth of pond, alkalinity decreases fro* 326 to 
324 mg/l in run II*, fro* 324 to 318 mg/l in run III and 
fro* Mf to 333 mg/l in run IT, This decrease is of the 
order of 4 to 6 mgA which in the present experimental pond 
is almost negligible. 3o» in the first 10 em depth the 
Magnitude of alkalinity la low compared to the higher 
values at the deeper levels, and these low values remain 
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mmm m less eonetant for the layer of 10 cm depth* Oi 
raises of alkalinity as observed la run I may aot be 
reliable*, as the effluent la run i was released from the 
sampling point 4, which is 7 lashes below the pend level , 

It would aot draw oat enough algae la the efflaeat as 
most of them would be la the upper surface layers* 

Naturally, the value of algae concentration in the sample 
drawn from sailing point 6 (pond surf see) would be high, 
fhe actual per day produett on of algae refleeted in the 
.algae concentration in the effluent would be much lese. 

This difference might hare affected the alkalinity raises' 
also. 

The other zone of' higher alkalinity is formed at 
lower depths# Between 25 and 85 earn depth in run xi» 
alkalinity is almost constant at its maximum rales of 
890 mg A# In run III the layer around If to 21 ©ms depth 
has the alkalinity value of 330 ragA and in run If the 
layer between 20 and 35 cas depth has alkalinity of 340 mgA 
(Fig* 4*3) * These values show that there is a layer of 
high alkalinity at. about mid-depth for the pond haring ' 
55*4 ©ns (21 inches) depth and a little below mid-depth 
(about 0*8f depth) for the pond haring 35*5 cm (14 inch) 
depth. 

In bottom layers, the alkalinity values are lower 
than the maximum ones reached earlier at about aid-depths. 


84 

This Indicates that ilia oxidation pond Has three layers, 
two of low alkalinity at top and bottom and one of high 
alkalinity approximately in the middle, the alkalinity 
In the intervening layers either increasing or deereasing 
gradually, 

5*1.2 Organ! o»Hitroaen t 

Organic*! values of samples centrifuged to separate 
■alga# is another para to ter that points towards the stratification 
in the pond* Although in the first run, the organic*! deereases 
rather fast from 18 to 10 rag/l in the first 18 oms depth, this 
cannot be relied upon because of the effluent height difference 
as explained in section 5*1,1, in the second run in the first 
10 oms depth, the decrease is only from 9 to 8 mg/1; In the 
third run, the organlo-N is constant at 9 mg/1 for the first 
10 oms depth and in the run IT, there is a very small 
Increase from 7.5 to 8 mg/1 in the same depth (Fig# 4.8), 

These values indicate that the organic*! remains more or 
less constant in the first 10 oms depth* 

The minliam value® of organic -K are reached at lower 
depths*, in run I, around 18 to 28 oms depth? in run II, 
around 20 ems depth? in run III, around 18 oms, and la rum IT, 
around 19 oms depth* The concentration thereafter again 
rises to the maximum to 9 mg/1 at 35 e ms depth is run II, and 
to 10 mgA at 27 oms depth in run III. in the run I, the 
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-rnlm Is U m/l around rn mm depth and la run IT* the 
mximm value in the bottom layers Is only slightly higher 
than the minimum value. frm all this it eaa he said that 
the layer of higher orgaaio~H at the top is followed by a 
lower organise layer arornd So ess depth. This again is 
followed hy a higher orgaaie-M layer at the bottom, the 
depths of these layers see® to depend more on the total 
depth of the pond than oa the rate® of feed* 

5,1,3 S~p-BOB Values : 

la the first 10 om® layer, the BOD values of the . 
samples that are centrifuged to remote algae are lower 
(about 36 m/l for runs II, III and IT* the first run 
showing haphazard variation duo, perhaps, to me reason 
mentioned in section 5,1,1} whereas the values are 
maxi mum la the bottom 10 ems layer (85 for rua II and 
about 40 for runs HI and IT* Fig. 4.4), la between, 
the values rise gradually fro® the top to the bottom. So* 
there is a lower BOO layer near the top and one of higher 
BOD at the bottom with the intermediate layers having 
BOD values that have almost a gradual transition* 

5,8 mt STRAIGHT II Wt YMl&HOS? OF DISSOLVED QOTUf t 

la tho proetat study* the straight line variation 
of DO (Fig# 4.1} w shows that there Is infinite stratification 
with respect to DO la the pond* aad this does net go against 
tho hypothesis advanced in this work. It is important to 


remember that for facultative pond t he depths of 14 and 
SI inches are not Mill, The usual ponds would h&re depths 
much more than these. Another fact can also he noted that 
the algae production along the depth is varying uniformly. 
Pig, 4,4 shows almost a straight line variation of algae 
for runs II, m and IP* It means that neither the depth, 
nor the light intensity was Halting for algae growth and 
the light penetrated uniformly the portion of the pond that 
was aerobic, *is the algae production is uniform the oxygen 
produced would also he uniform* also the 5-D-BOD value* 
herring the 10 cm rone at the top and bottom, also varied 
uniformly* so the oxygen consumption along the depth ■ 
could he taken ae uniform, Therefore, the remaining stf 
at various levels sis© would he uciform* Ifeis* perhaps* 
would explain the straight line variation of DO with 
depth* However, when the depths are large, the light 
Intensity at lower depths would he an exponential function 
as given by Beer^Laaberts law, under such a condition the 
DO variation is likely to he an exponential curve, Here 
work will have to he done with greater depths of pond to 


clarify this point. 
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PRODPCTIOK Of AiQAE 7!TB DI?FBB.liT PmTOOH 



The production of algae with two depths and two 
rates of feed gives an interesting variation* If the 


s? 

production per day ii considered as given la Table 4**. 

It eta be seen that as detention time Is halved by dot&llag 
the feed vela#*, the algae production la also almost iotfcled* 
She depth did net affeet the algae product Ion, because as we 
have seen the light intensity is cot a Uniting factor. 

This clearly shops that there is greater growth of algae with 
decrease in detention tine and that this relationship way be 
linear as is Indicated in the present study. However, were 
experiments will have to be performed to decide this issue* 

It is known from work done on continuous cultures of 
such microorganisms as bacteria and fungi {but not algae) {89} 
that In cultures some component of the substrate 

becomes limiting, the steady state growth of cell mass 

follows a linear growth law* initially, when the dilution 

/ 

rate is Increased, (l.e., the detention time is decreased) 
the cell m&s growth increases linearly up to a certain 
dilution rate and thereafter with further increase in dilution 

rate, it is reduced precipitously to what is called * wash-out* 

\ 

when the dilution rate is such as to wash all the eell mess 
out of the culture* This conclusion is - also supported by 
Herbert et al{40) with their theoretical and experimental 
study of continuous bacterial cultures* 

la the present study, although the oxidation pond 
system is net a continuous growth culture, the algae growth 
seems to fellow a similar tread with respect to detention 



tine* perhaps, some constituent in sewage feed stakes the 
substrate growth-limiting so as to make the algal culture 
follow the same or similar law mentioned in the previous 
paragraph. This finding is of great importanee from the 
design standpoint because the ponds can be made to work 
more efficiently for algal yields and BOD removals per 
day by decreasing the hydrolle detention time by some such 
method as recirculation of pond effluent after algae* 
harvesting or mixing the feed waste water with canal or 
stream water, 

s.4 mumsmmi wmm 

The study of Fig, 4*5 shows that the pH drops almost 
uniformly with depth. In no case pH value Increased for 
the lower layer compared to the value of pH for the upper 
layer* But the alkalinity change is not at till gradual. 

In run II, alkalinity drops from 330 mg/l at the top level 
to 524 mg/l at 10 oms depth; then It increases to 3t0 mg/l 
at about 33 oms depth, similarly, in run III, from a drop 
of 3 agA the first 10 oms depth, it rises to 330 agA 
at 20 erne depth. It ©an be seen from these values that 
there Is no rise In pH value corresponding to higher values 
of alkalinity. According to presently accepted theory, 
the algae utilizes GG g from HCGg ion aoecrdlug to the 
reaction BDOg C0g * OH* and the pH should riot because 



bbc COg is utilised faster by algae than it is replaced by ■ 
the baeterial oxidation of organic matter* Also any decrease 
in bicarbonate alkalinity is compensated by equivalent rise 
la €1* Ions* There should be, therefore, no decrease la 
alkalinity as observed* It is worthwhile to note in this 
connection that Myers and Crammer{38) have shown that when 
ammonia is employed as a nitrogen source for algae, the 
consumption of 1M of fflg is accompanied by the production of 
1M of H* ion* Because most of the nitrogen In oxidation 
pond is present as 1% and/or organle-H which is converted 
to Mg by bacteria, it is likely that much of the decrease 
in alkalinity In the igsper layers of pond say be ascribed 
to the nitrogen metabolism of algae* However, ao the 
present observation is contrary to the aceepted theory, 
more work Is indicated to test the hypothesis of production 
of H* Ion in the pond by algae* 

5.5 VARIATOR OF TOTAL KETROQBH *HP jUTROOlilf RRCQTOY t 

The small amount of anoonia*K in the effluent (from 
5 to 4 mg/1, fig. 4*11 shows that algae utilise most of the 
nitrogen In the form of ammonia. 

Table 4.V shows that the recovery of total nitrogen 
is only of the ardor of 86# whereas quite an appreciable 
percentage is lost to the system* In run I, where only the 
bottom 3*6 inches layer is anaerobic, the nitrogen loss 
Is M,9#} in run II, the bottom 10.8 ioehee of pond Is 
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tie and the nitrogen loss is la run IT, tbs 
*«*ten f Inch layer is anaerobic and tbs nitrogen loss Is 
tits feed rates for run* I and III and for 11 sal 
If «ra 50 lbs and 100 lbs per aors per day respectively. 

The®* values ladleate that tbs nitrogen loss from tbs 
system perhaps depends upon feed rate of 500 load, The 
loss Itself can, 'perhaps, be explained on the basis of 
denitrlfleatloa taking plaee in the anaerobic zones of the 
pond according to the scheme 

(gaa) 

and the gas finally escaping Into the atmosphere. Or, It 
•an also be attributed to tha nitrogen loss do® to settlement 
of organic matter and the dead algae to the bottom of the 
pond. The proessses of sedimentation and bloflooouUtion 
are already explained In eeetien 5,15,5, The nitrogen then 
would be contained In the benthle deposits. Ho test for 
nitrogen was carried out on the sledge deposited at the 
bottom of the oxidation pond. The nitrogen lose of Sl»9$ 

In ran 111 Is inexplicably high, as hare, perhaps, self 
the bottom 1 to 2 lash layer will be anaerobic, although 
some gas bubbles were observed on the pond serf see daring 
the various runs, no attempt was made to Identify the gasfs, 
one of the gases evolved could have bean nitrogen espeolaULy 
when the pH vslues from ?*.» to 5,5 predominated in the 
middle and upper layers of the pond. This range of pH Is 
favourable for denitrlfleatloa to occur, so it can be said . 


*&«t the nitrogen loss could fee because of any one of the 
two possibilities, denitrification or settlement of organic 
nobler stud i dead algae, as discussed above, Ifore work on 
title point Is indicated. 

another important point which earn fee seen in nitrogen 
bale, nee is that tfee amount of nitrogen recovered in algae 
ness is increasing almost to datable its raise alien the BOD 
load Is doubled Halving the detention tins* This is, of 
course, due to the fact that the algae production itself is 
almost doubled. His increase of algal field with decrease 
of detention tine is already discussed in section 5,5, These 
observations show that the light intensity is net a Uniting 
factor and that the algae growth can be encouraged (within 
limits} fey decreasing the detention tines, 'This point 
assumes importance in algao*harvsstlng for Its protein value 
when the algae can be used as a chicken feed, etc, 

5,6 TOTAL PHOffFB&TI TaSIaTIOH ; 

It is seen (Fig, 4,S) that when the detention tine 
for run I of BO days was reduced to 10 days in run tt fey 
doubling ihs feed rate, there was redaction in phosphates 
at all levels; the same observation, however, Is not found 
for runs III and If, so, no definite conclusion can fee 
drawn although generally phosphates tend to increase with 
detention timefss). 


perhaps are mt comparable for the reason stated In section 
8 * 1 * 1 # 

5.* REDDCTIQH gf COLIfORMS If? OXIDATOK FORDS : 

It Is clear from the results that is so run was there 
any raise of vspm for the pood eaters at any depth . la hie 
present study the smallest detention time is of 8,5 days* 
normally it can he expected that the detention time would 
affect ralues of MPH* 

Actually even now the exact reasons for the removal 
of the Coliform are not completely known. It was suggested 
that the algae in oxidation pond may he excreting some 
substance toxic to Coliform, but in the light of later 
findings this had to be rejected. It is also known that 
reduction of Coliform in different seasons Is, more or loss, 
the same despite variation In algae content* 

Another theory Is that with higher detention times 
the Collforms are subjected to storage during which there 
Is a lot of settling going on* this coupled idth extreme 
competition for food with other bacteria also cause the 
reduction of Conforms, there is also a large di ff erense 
of pH la the pond from top to bottom. 

perhaps i a large population of protozoa whloh 
develop la the pond also reduce the Conforms- by feeding 
on them* so, on all accounts the environment of oxidation 



P©nd is extremely hostile to the Coil for®®. It should ho 
found, however, how their variation is whoa th© detention 
tins is a® siB&ll as a day or two* 

5.t ' COHPMBKHtt i 

fro® the present study, th© following conclusions 
©»n ho arrived at. itiese conclusions aro valid for th© 
ooudltloa® under which the experimental Investigations 
wars conducted. 

5#$«l About stratification in Oxidation ponds : 

(1) Based on the study of variations of alkalinity, 
organ!©*! and values, It ©an b© said 

that stratification exists in- th© oxidation pond 
under study. lids conclusion is draws fro® th© 
following considerations* 

(a) In th© ©as© of alkalinity, th© magnitude 
is Mall which either remains more or 
lass constant or decreases in the first 
16 mm depth of the pond; then' it rises 
up reaching its maximum hy ©bout 80*8» ©ms 
depth. Thereafter it has a tendency to 
decrease, such a variation shews three 
strata in the ponds one s$»t© 10 ©as 
depth of lower alkalinity; second between 

BO to SO em depth where the alkalinity 
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reaches its maximum value; and third near 
the tot too of lower alkalinity {fig. 4*SJ. 

W The variation la organle-lf also supports 
the hypothesis of stratification* la this 
ease there Is as upper layer which has the 
highest magnitude of organic*!!* When this 
Magnitude drops down, -flora or less uniformly, 
to glee a soooiid layer of lowest magnitude of 
erganie-H around SO * SS am depth* when the 
pond depth is 53.4 ests, and around Id - SO erne 
when the pond depth la 38.5 am, in the loner 
regions near the hottest the organle nitrogen 
comeat rat Ion It again high (fig. 4«S}« 

(o) Hie 5-D-BOD values approximately show a 
similar stratification (fig. 4.4)* in 
run II and III, the effluent BOO and that 
in the top layer have Ion BOD values* The 
BOD values are high in the bottom 10 oas 
depth* In Between there Is a gradual 
transition* 

{8) Although the Do variation aliens that it la a linear 
one {fig. 4*1 U such * linear variation dees net go 
against the hypothesis of stratification in the ■ 
oxidation pond. In fact it shows infinite stratlfleatiea* 
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This lift ear variation of DO shows that neither 
' the substrate nor the light intensity was a 
Halting factor in tho present stody. 

(3) from the BOD balance in fable 4*6 and nitrogen 

balance la Table 4#?, it is teen that the production 
of alga® per day in the pond increases when the detention 
tl»e becomes smaller, this nay hare a certain limit but 
it was not reached within the four different detention 
tines used, 

5.9*2 other Conclusions s 

(1) The variation of alkalinity does not seen to be in 
accordance with the presently accepted theory, The 
low alkalinity in top layers of the pond coma be 
doe to prod notion of tt lone by the algee, 

(2) It is soon that in all case® the nitrogen recovery 
is of the order of 25 to 8J*. It is almost constant 
because the algae concentration increases in the 
sane proportion in which the feed rate inereaees (or 
detention tine decreases). The percentage of 
nitrogen lost in the system seems to increase rlth the 
feed rets and with decrease In the depth of the poM, 

(3) The WM Tains « are ell mere for the four detention 
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times wader eons iteration will da were ell greeter tfcan 
six days. 

{4} Ube pfcosp&ates and ammonia- N variation does net 
warrant any significant conclusion. 


ss 


A&mmtx 

CD relationship 6-d-bod am cod of this usd swam : 

Table 1 

5-D-BOD and Corresponding COD Values 


5«*D«B0D 100 92.5 81.2 135 82.2 75.5 71*3 135 170 105 

COD 16# 188 188 820 118 180 100 180 MO 180 

agA 

The data are plotted la Fig. 1 (Appendix) . 

(2) DOTSRMIM^TIOH OF STANDARD COTS FOR TOTAL PHOSPHATE & H%-Hi 

Table 2 

Total phosphates and corresponding absorbance at 390 m. 
on , speotronlo-20* . Li#tt path 1 ea. 

Total phos«» 

phatee.mgA 0.25 0.30 0.75 1.0 1.5 1.85 2.3 3.35 5.0 
Absorbance 0.04 0.099 0.105 0.224 0.50 0.40 0.51 0.70 1.0 

The data are plotted In Fig. 2 (Appendix). 

Table 3 

Ammonia*!! and Corresponding Absorbance at 430 m m 
*Speetrenie»20'« light path 1 o®. 

Ammonia*!! ng/L 0.8 1*0 1*5 2*0 . 8,5 

Absorbanee 0.08 0.22 0.29 0.37 0.51 

The data are plotted In Fig. 3 (Appendix). 
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IS) wvmmmmm of staj©ard com for aloax coscFumATroN: 

Determination of Optimum wavelength 
Table 4 

Wavelength and the Corresponding Absorbance 
Wavelength 

m S60 380 400 420 440 450 460 480 

Absorbance 

Sewage 0.375 0.340 0.310 0.290 0.270 0.260 0.205 0.240 
Pond -Water 0.520 0.560 0*600 0.680 0.700 0.640 0.560 0.440 

T be data are plotted in Fig. 4 {Appendix) 

Determination of standard Curve 
Table 5 

Algae Concentration and Corresponding Absorbance 
at 440 m on *speetronie~20*. Light path 1 cm. 

Algae Gone. 

«gA 300 150 75 57*5 18.7 

Absorbance 0*760 0*396 0*192 0*120 0.056 

The data are plotted in Fig* 5 (Appendix). 

14) WPmmmTlQM OF BOD RATE CONSTANT AT DIFF^tKT DEPTHS 
0? THK POBD AT 25 BK3R1ES CENTRIORaDF: 

Table 6 

BOD Tallies and the Corresponding Days 


sampling Point 6 

Days 1 ,® -3 4 5 -6 

BOD agA 30 48 65 70 76 84 





point s 

Bays l 8 ft 4 6 6 

BOB m/l 31 4ft §9 60 66 71 

Sailing Point 4 

Bays 1 8 ft 4 i 

BOB m/l 31 4? 65 73 64 


Bays 1 

BOB ag A 35 

Bays 1 

BOB m/l 30 


Sampling Point ft 
8 ft 4 

58 72 79 

Sampling point 2 
2 ft 4 

50 61 66 


5 
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5 

% 


For the deterninatlon of k lay Foglaoto method , • 

th© BOB exerted in (t*ij days la plotted against Y t f 
the BOB exerted in (t) days. The data are plotted In 
Figs. 6 to 10. 








STD CURVE FOR ALGAE CONCr 
AT 44OMA0N SPECTPOTNiC 20' * 
LIGHT PATH I CM. 


DETERMINATION OF K. SAMPLING 
PONT 6 , TEMP 25° C(FUGJMOTO 

method;. 



I 5C 


INTFRCEPT L(V e) 30-8 

slope e~ K = o-464 


ALGAE CONG. MG/L 


v t MG/L 


FIG. 7 

DETERMINATON Of K. SAMPLING 
POINT 5 , TEMP. 25C (FUGIMOTO 
METHOD ). 


FIG. 8 

DETERMINATION OF K . SAMPLING PONT 
4 , TEMP 25’ C (FUGIMOTQ METHOD.). 


"S» 

o 

2 50 


INTERCEPT L(|-e)=3K) 
SLOPE= -0*67 

K s 0-4 O DAY -1 


INTERCEPT L<T-e ) - 30-5 
SLOPE e'* = 0*684- 
< = 0*38 


r« 
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FIG- 9 

DETERMINATION OF K, SAMPLING 
POINT 3. TEMP 25° C (FUGIMOTO 

method; 



FiG-IO 

determination of resampling 

POINT 2: TEMP 25° C. (FUGIMOTO 
METHOD) 



LIST m REFERS® S3 


74 


1, Mmiaston, F.I., "Flab ponds for the Farm", Chas* 

Scribner, 1947, 

2, Butler, M.A* , "Irrigation in Persia by Kanats" , 

Civil Sngg* , 3, 1933. 

3, sedgewick, W*T*, "principles of sanitary Selene e 

and Public Health, Mcmlllan, 1902. 

4* Central Public Health "Engineering Research Institute, 
Nagpur, "Oxidation Ponds" - a brochure, 1966. 

5, Babbit, H.F, » "Status of stabilization Ponds", 

Proceedings, symposium on Waste treatment by 
Oxidation Ponds, Central Public Health Engineering 
Research Institute, Wagpur, 1963, 

6, David, N.S., "Oxidation Ponds", Ibid., 1963. 

7, Barnes, G-.B. , "Oxidation ponds for the treatment of 

sewage and Wastes", ibid, 1963, 

8, Ludwig, H.F, et al, "Algae Symbiosis in Oxidation 

Ponds - I Growth Characteristics of B, gracilis 

cultured in sewage”, sewage & ind, wastes, S5,Tl , 

1137, 1951, ~~ 

9, Parker, C.L. et al, "purification of sewage in Lagoons", 

sewage & Ind, wastes, 22, 760, 1950, 

10. Caldwell, i).H, , "sewage Oxidation Ponds ~ Performance 

Operation & Design", sewage works Journal, 18, 

433, 1946. 

11, van Heuvelen W*, et al, "Sewage Lagoons in Worth Dakota", 

sewage & Ind, Wastes, 26, 6, 771, 1954, 

13. Hermann, K.R, et al, "waste stabilization Ponds - I 
Experimental investigations", sewage fr Ind, 
wastes, 30, 511, 1958. 

13. Oswald, w.j. et al, "Photosynthesis in sewage Treatment" , 

Trans,, Am. see. Civil Ingg, , 123, 73, 1957. 

14, Oswald, W.J„, "Fundamental Factors in stabilisation Pond 

Design", proo. 3rd Goaf., Biological waste Treatment, 
Manhattan College, New York, 1960. 



15, Oswald* W.J.j Ooluke, G.G., univ* of Calif. Inst. Pngg, 
Research series, 149, 1, 1959. 

1$, lackey, J ,B. ; smith* G,B,, "Biological Treatment of 
sewage and Industrial Wastes", Vol, X, Relahold, 
mw fork* 1956. 

If* Oswald* .l.j Ooluke, C.G., "Advances In Applied 
■ leroblology” * vol, IX, Aeedenie press, I960. 

1®. McKinney* K.F. , "Biological Treatment of sewage and 

Industrial Wastes"* Vol. X* Re ink old * Few York, 1986, 

19* Oswald, ” ,J. ©t »1, "studies in ^hotoaynthettc 

Oxygenation*, Ghlv, of calif,, inet, of Fngg, 

Research aeries, 44, 9, 1958. 

20. Hutchinson, 0*$#, "4 Treatise on limnology", Vol. I, 

John Wiley, mw York, 1957* 

21. imhoff , SC. ft Fair, J.m. , "sewage Treatment", John 

Wiley , mm York* 1940. 

22. Oswald, ' '.J. , "light Conversion Efficiency in 

Photosyntfaeti c Oxygenation", :h,i>« Thesis, Thiv. 
of Calif., Berkeley , 195?, 

83, Ooluke, C.O, , "Temperature effects on Anaerobic 

digestion of' Raw Sewage sludge", Pewage ft Ind, 

Wastes, 30, 10, 1285, 1959. 

24. Heukelekia, H,, "nlologleal Treatment of Sewage and 

Industrial Wastes" , Vol, XI, Reinhold, lew York, 

1958. 

25, Fitzgerald, G,p, &. Rohlich, G.a* , "Evaluation of 

itablllssatioa Pond literature" , mw age ft Ind, Wastes, 
30, 9, 1213, 1988. 

2ft. national Research Council, "sewage Treatment at Military 
Installations - Strrsary and Conclusions" , aewage 
Works Journal, So, 1, 82, 194®. 

2V. dl«n, l.B. * "General Features of Algal Growth in 
sewage oxidation bonds'’ , publication wo, 13, 
California state " M ater Pollution Control Board, 

1988, 




76 


28. Alva, ?.C. & ~' : ap@nfuss s G.f, , *a systematic study of 
the Alga© of Sewage Oxidation "onda’*, 5 ubll cation 
Wo*7» state "'a ter Pollution Control Board, 

Sacramento, California, 1953. 

yz%. Oswald, -i#J. et al, « Algae in Waste freatment” , sewage 
& Ind. Wastes, 29, 4, 437, 1957. 

30, "'erz , H.C, et al, "investigation of Primary Lagoon 

Treatment at J-’olave, California”, Sewage & Ind. 

Wastes, 29, 2, 115, 1957, 

31, Oswald, ■' #3 * & Ootaas, h. 3,» * Photosy nth esl s in Sewage 

Treatment”, Jour., sanitary Engineering, Division, 
am. so©, of Civil Engrs. , 81, 886, my 1958. 

32, Town©, W,w, ©t al, *huw sewage stabilization Ponds in 

Dakota” , sewage & Ind. wastes, 29, 4, 377, 1957, 

33, Oloyna, I.F. & Hermann, 1,R,, ” Algae In Waste Treatment- 

Discuaslon”, Sewages Ind. Pastes, 89 , 4 , 455, 1957. 

34, Finzey & sharp, "Environmental Technologies in 

Architecture”, prentice Hall, 1963. 

35, Heal, cT.i . & Hopkins, O.H., "Experimental Lagooning of 

mm sewage" , sewage if, Ind. Wastes, 28, 11, 1326, 1956. 

38, "Standard Methods for the Examination of ter ft waste 
water", 12th Edit., 1965. 

37. Fugimoto, Y., "Graphical Use of First stage BOD Equation* , 

Jour,, water pollution Control Federation, 36, 1, 

69, 1964,' 

38. ?*y©rs» J. & Crammer, **,, "Titrate Reduction and 

Assimilation in Chlorella", Jour., General Physiology, 
32, 93, 1948, 

39. Alba, s« et al, "Biochemical Engineering**, Academic 'Press, 

1965, 

40* Herbert, B* et al, "The Continuous Culture of Bacteria - 
a Theoretical and Experimental study**. Jour,, 

General Aerobiology , 14, 601, Hov, 1955, 



